This study aims to explore the characteristics of ultraviolet (UV) radiation over Dong Lake (DL) and Tai Lake (TL) in the middle and lower reaches of the Yangtze River and to develop an innovative model for UV estimation under all weather conditions. The characteristic analysis of UV radiation shows distinctly hourly and monthly variations at two typical sites. The maximum values can represent the hourly UV feature, and the median and the arithmetic mean values are reasonably similar with little difference for both stations. The monthly means of hourly UV radiation range from 25.68 to 70.07 kJ m -2 for DL and between 36.00 and 92.62 kJ m -2 for TL. The monthly mean hourly UV fractions vary from 3.79% to 4.93% at DL and between 4.57% and 5.94% at TL. Comparisons on the monthly mean hourly values of UV radiation and UV fraction, the values at TL are always greater than those at DL. An innovative model is constructed based on two input parameters, namely the effect of the comprehensive attenuation factors for assumed cloud-free conditions (CAF UVclear ) and the effect of the clouds (K g ). CAF UVclear is derived from empirical models based on relative optical air mass and ozone. The effectiveness of the presented model is demonstrated by comparing with other two estimation models. This innovative model presents values of RMSE better than two reported models either at local place or a different locality. It indicates that this new model can provide satisfactory estimates of UV radiation at different localities other than the local place of origin where the relationships are developed.
InTRodUCTIon
The study of ultraviolet (UV) radiation has received considerable attention during the past 20 years due to the link between increased UV levels at the Earth's surface and depletion of ozone in the stratosphere (Al-Aruri et al. 1988; Foyo-Moreno et al. 1998; Antόn et al. 2008; Bilbao and de Miguel 2010; Escobedo et al. 2011) . The detrimental impact of UV radiation on aquatic communities has been proven in freshwater environments because of high photon energy and specific absorption properties of the reacting molecules (Feister and Grewe 1995; Sommaruga and Psenner 1997; Sommaruga 2001; Carrillo et al. 2008; Koepke 2009 ). UV radiation can cause damage to fish larvae and juveniles, shrimp and crab larvae, and zooplankton and phytoplankton (Ilyas et al. 1999; Pienitz and Vincent 2000; Salo et al. 2000; Clair et al. 2001; Wrona et al. 2006a, b; Harrison and Smith 2009; Nazari et al. 2010) . Some of these effects are related to the cumulative UV dose, and others may correlate with the frequency of extreme UV events or to UV doses at particular times of the year (Tarasick et al. 2003; Cordero et al. 2005) . In order to quantify the biological effects of UV radiation on freshwater organisms and ecosystems, a clear knowledge of the amount of surface UV radiation and its temporal variation in freshwater environments is of great importance.
The intensity levels of surface UV radiation can be measured or estimated by various approaches (Schmalwieser et al. 2003) . Great effort has been undertaken by national or international organizations for promoting the installation of UV monitoring networks with aim to obtain accurate data on surface UV radiation in different parts of the world, such as North America, China, Europe and Australia (Liu 2000; Gröbner et al. 2006; Bhattarai et al. 2007; Hu et al. 2007; Cui et al. 2008; Rieder et al. 2008) . However, existing UV observation stations are far too low to provide sufficient UV data because of the high cost and great difficulty in maintaining the sensors that register this spectral band (Barbero et al. 2006; Janjai et al. 2010; Mateos Villán et al. 2010) . Furthermore, most of these stations began operation in the last decade of the twentieth century (McKenzie et al. 1992; Zerefos et al. 1997; Gurney 1998; Bartlett and Webb 2000; Fioletov et al. 2002; Junk et al. 2007) . Therefore, previous variations in UV radiation are still unknown (Junk et al. 2007 ). In case of China, the Chinese Ecosystem Research Network (CERN) manages 37 stations where UV radiation has been recorded continuously since August 2004 but which are insufficient to cover the whole country. Thus, suitable modeling approaches should be an appropriate alternative for estimating UV radiation values when UV observation is not available. These models can be categorized mainly into two groups (Barbero et al. 2006; Sabziparvar 2009; Láska et al. 2010 ): (1) radiative transfer models which describe absorption and scattering processes of UV radiation in the atmosphere; and (2) statistical models that exploit the close relationship between UV radiation and atmospheric parameters commonly measured at radiometric or climatological stations. The radiative transfer models need extensive computation and detailed information of atmospheric parameters which are generally difficult to obtain from ground-based stations. Their accuracy depends on the input parameters. Statistical models can provide good estimation of surface UV radiation, although they are more simplified compared with the radiative transfer models. Statistical models are widely used to estimate UV for specific locations.
The amount of UV radiation at any location on the earth's surface depends on geometrical factors (solar elevation angle, Earth-Sun distance, altitude and latitude), atmospheric factors (cloud coverage, aerosols, ozone column and air pollution) and ground albedo (Díaz et al. 2000) . In the past few decades, many studies have been conducted to quantify these respective effects on UV radiation. Previous research concentrated mainly on the relationship between UV and an individual factor, such as global solar radiation (Feister and Grasnick 1992; Ilyas et al. 1999; Martínez-Lozano et al. 1999; Kudish and Evseev 2000; Cañada et al. 2003; Ramirez Santigosa et al. 2003; Ogunjobi and Kim 2004; Robaa 2004; den Outer et al. 2005; Escobedo et al. 2009 Escobedo et al. , 2011 Sabziparvar 2009 ), relative optical air mass (m) (Foyo-Moreno et al. 1999; Cañada et al. 2000; Dubrovsky 2000; Murillo et al. 2003; Antόn et al. 2009b ) and ozone (McKenzie et al. 1991; Madronich 1992; Bais et al. 1993) . Only a few studies analyze the integrated effects of main attenuation factors on UV radiation such as relative optical air mass and cloudiness (Foyo-Moreno et al. 1999; Murillo et al. 2003; Barbero et al. 2006; Mateos Villán et al. 2010) ; total column ozone, geometric factors and clouds (Díaz et al. 2000) ; global solar radiation, total ozone, dew point temperature, and snow cover (Fioletov et al. 2001) ; ozone, aerosols and clouds (Krzyścin et al. 2001) ; daily sunshine fraction, the cosine of the daily minimum SZA and the daily total ozone column (de La Casinière et al. 2002) ; ozone, airmass, sun-earth distance correction and solar zenith angle (Prasad and Niranjan 2005) ; global solar radiation, ozone and clouds (Foyo-Moreno et al. 2007 ); ozone and reflectivity (Antόn et al. 2005) ; ozone and cloudiness (Antόn et al. 2009b ) as well as ozone and cloudiness (Láska et al. 2010) . However, the amounts of UV radiation at ground level are also modulated by other attenuation factors, such as air pollution in polluted areas, which have a certain effect on the UV radiation. Since all attenuation factors are generally combined and act necessarily together, it is difficult to determine the role of each factor separately. But studies on quantifying the resulting effects of all the attenuation factors on UV radiation remain rare.
The middle and lower reaches of Yangtze River in China are rich in shallow freshwater lakes (Yao et al. 2009 ). The intensity of aquaculture has increased dramatically in freshwater lakes in this region over the past few decades (Xiao et al. 2010) . The annual yield of aquatic products accounts for about 2/3 of the national total and plays an important role in the national economy. UV radiation change has an influence on aquatic communities, so it is very significant and useful to study the characteristics of UV radiation in this region; however, studies are still insufficient to fully account for UV radiation in a freshwater environment of this region (Hu et al. 2007) . The objectives of the present study are to analyze UV radiation characteristics over two typical lakes in this region and to develop an innovative model for estimating UV, which is applicable for all weather conditions. The model is aimed at quantifying the resulting effects of all the attenuation factors on UV radiation. Table 1 shows a symbol list in this text.
MATERIALs And METhods

study Area
The middle and lower reaches of the Yangtze River are characterized by a typical East Asian monsoon climate with a hot and wet summer and cold and dry winter. The annual mean air temperature is about 15 -20°C with a minimum temperature of 0 -4°C in the winter and a maximum of 27 -30°C in the summer. Annual total precipitation is about 1000 -1400 mm, mainly in summer. There are 651 lakes with areas larger than 1 km 2 and 18 lakes with areas larger than 100 km 2 in this region. The total lake surface area is more than 21000 km 2 , which accounts for 25% of all water surface area of lakes in China and is one of the five largest lake groups in Asia (Wang et al. 2005) . In 2005, CERN set up two stations in this region to measure systematically and continuously UV and global solar radiation. They are respectively Dong Lake (latitude 30°37'N, longitude 114°21'E, altitude 21 m) and Tai Lake (latitude 31°25'N, longitude 120°13'E, altitude 10 m), which are as shown in Fig. 1 . Dong Lake (DL) is a medium sized urban freshwater lake in the northeastern part of Wuhan city with a surface area of 27.8 km 2 and a mean depth of 3 m. Tai Lake (TL) situated at Yangtze River Delta is the third largest freshwater lake in China, with an area of 2338 km 2 and a mean depth of 1.89 m (Yao et al. 2009 ).
data Collection
Radiation and relative humidity data used here are provided by CERN. Measurements of UV radiation (290 -400 nm) are made by CUV3 radiometers with an accuracy of 5% (Kipp & Zonen, Delft, Netherlands). CM-11 pyranometers record global solar radiation (305 -2800 nm) with an accuracy of 2 -3% (Kipp & Zonen, Delft, Netherlands). The relative humidity (RH) of the atmosphere is measured by the HMP45D sensor (Vaisala, Finland) with an accuracy of 3% (Hu et al. 2007) . All data are registered at 1-min intervals, and an hourly value is obtained by integrating the 1-min values. The UV pyranometers are calibrated against a standard lamp. All CM-11 pyranometers are calibrated by the 'alternate method' (Forgan 1996) . All instruments are calibrated and inter-compared during the period of the experiment to assure data quality.
UV and global solar radiation during the period from 2006 to 2007 are used here. To avoid problems associated with deviations by the measuring instrument from the ideal cosine law, the data analysis presented is limited to solar elevation angles greater than 10° (Foyo-Moreno et al. 2007 ). In addition, a quality control is applied to the hourly UV and global solar radiation based on two main rules. At first, (a)
the measured UV radiation should be less than the extraterrestrial UV radiation, and the ratio UV to global solar radiation should be restricted to fluctuate from 0.02 to 0.08 (Hu et al. 2007) . If not, the data are marked as problematic and eliminated from the data set. Secondly, the observed global solar radiation should be less than the extraterrestrial solar radiation and the ratio of surface solar radiation to the extraterrestrial solar radiation should be no less than 0.03 (Geiger et al. 2002) .
Once the hourly radiation values are obtained, several parameters can be calculated. The first is the hourly UV radiation transmissivity K UV , which is defined as:
where UV is the measured hourly UV radiation, UV 0 is the hourly extraterrestrial UV radiation (Mateos Villán et al. 2010; Podstawczyńska 2010) . Another evaluated parameter is the hourly global clearness index K g , which is defined as:
where G is the measured hourly global solar radiation. G 0 is the hourly extraterrestrial solar radiation (Antόn et al. 2009a; Podstawczyńska 2010) . The global clearness index K g is chosen to characterize the effect of clouds. This variable has been broadly used for its objective (Foyo-Moreno et al. 1999; Cañada et al. 2000; Ogunjobi and Kim 2004) . G 0 and UV 0 are calculated as:
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where I X SC^h is the integrated value of solar radiation in the selected band [ : . X UV I UV kJ m 388 8 kaekara 1973; Gueymard 2004; Mateos Villán et al. 2010; Podstawczyńska 2010 ). E 0 is the correction to the sun-earth distance, ω i is the hourly angle in the middle of the hour, { is the latitude and δ is the solar declination.
The total ozone column (TOC) data are obtained from the Ozone Monitoring Instrument (OMI). OMI has been in operation since July 2004, which is a Dutch-Finnish contribution to the NASA EOS-Aura platform (Badarinath et al. 2008) . It is a nadir-viewing spectrometer that measures reflected and backscattered solar UV and visible light (Levelt et al. 2006) . It is a new generation of UV-visible spaceborne spectrometers which use two-dimensional detectors. These detectors enable OMI fit for monitoring atmospheric ozone, clouds, aerosols, SO 2 , NO 2 , HCHO, OClO, and BrO. The spatial resolution of the instrument is 13 × 24 km in nadir, and increases towards the edges of the swath to 13 × 150 km. The total ozone column from OMI, expressed in Dobson Units (DU), is available at the NASA website http://aura.gsfc.nasa.gov/instruments/omi/index.html.
The air pollution index (API) is an index of environmental pollution based on the welfare losses associated with damages from exposure to pollution (Khanna 2000) . Compared with the EPA's Pollutant Standards Index (PSI), API can furnish a detailed ranking by index value which would affect the implementation of an environmental policy that distributes resources to alleviate pollution. In addition, the API can better reflect the damage of the air pollution to the human than PSI in some cases. The main reason for the difference is that the API value is based on the ambient concentrations of all pollutants whereas PSI values are determined entirely by the gas with the highest relative concentration. The API measures daily air pollution levels due to the three gases: large particulate matter (PM 10 ), sulphur dioxide (SO 2 ) and nitrogen dioxide (NO 2 ). The API is available at the Ministry of Environmental Protection of the People's Republic of China website http://www.zhb.gov.cn.
Model Validation
The two year hourly data are divided into two groups. One group, comprised of 75% of all the data (randomly chosen), is used for constructing models (construction database) and the remaining data is used for validating the models (validation database) (Xia et al. 2008 ).
The models are validated with a root mean square error (RMSE), mean absolute bias error (MABE) and mean bias error (MBE) Mateos Villán et al. 2010) . They are calculated as:
where M i and E i are measured and estimated UV radiation, respectively, M is the mean of measured UV radiation, n is the number of observed UV radiation used for validation. The validation is conducted in two stages. First, the models are validated using the data from the same datasets used for model calibration (75% for model calibration and 25% for model validation). In order to compare the applicability of different models to estimate UV in different envi-ronments, the models are validated using the data from different datasets. The models calibrated using the data from DL will be validated using the data from TL, vice versa.
REsULTs And dIsCUssIon
statistical Analysis of Values of UV Radiation in the Two Lakes
statistical Analysis of hourly Average Values of UV Radiation in the Two Lakes
The characteristics of hourly UV radiation for each month are analyzed using the following statistical indices, an arithmetic mean (M), standard deviation (SD), median (Md), skewness (Ske), kurtosis (Kur), minimum value (Min), maximum value (Max), the first (Q1) and third (Q3) quartiles, inter-quartile range (Q3 -Q1), the 5 th (P5) and 95 th (P95) percentiles, variation coefficient (CV = 100 × SD / M).
As an example, Tables 2 and 3 show the results for August in years 2006 and 2007 at two stations (where N represents the sample number). It can be concluded that:
(1) The differences between the first quartile and the minimum values increase steadily from morning hours reaching the highest values at hours around midday. In some cases the first quartile could be up to 300% higher than the minima. The differences between the P5 percentile and the minimum values are fairly high, and the P5 could be sometimes up to 100% higher than the minima. These results indicate that the minimum values are not proper indicators of UV radiation for two lakes.
The abnormally low values of the minima could be due to overcast skies. Similar result has been found by other researchers in Valencia (Cañada et al. 2008) . (2) The maximum values of UV radiation vary from 10.8 kJ m -2 in May to 180.0 kJ m -2 in July for DL and between 14.4 kJ m -2 in April and 225 kJ m -2 in June for TL. Figure 2 shows the daily evolution of the monthly mean values of the hourly UV radiation. It can be concluded that: (1) the maxima of monthly mean values occur at solar noon and the minima in the extreme hours (the beginning and the end of the day) at the two stations. For DL, the (3) The monthly mean values at TL ascend in the morning and descend in the afternoon much more quickly than those at DL. The values at TL for all hours are almost greater than those at DL. Furthermore, the differences in the monthly mean values increase steadily from morning hours reaching the highest values at around midday. These results can be attributed to the differences in the air pollution over the two lakes. The annual mean daily API values are 87.22 for DL and 68.83 for TL, respectively. The higher air pollution at DL leads to the higher depletion of UV by scattering and absorption than those at TL (Varotsos et al. 1995) . Additionally, TL is the third largest freshwater lake in China, and its surface area is more than 84 times bigger than that of DL. The surface water temperature at TL has been warmed more slowly than that at DL by global solar radiation. The surface wind speeds above TL are greater than those above DL. The air pollution is carried away faster by winds above TL than those above DL (Desai et al. 2009 ). The complex effects of the air pollution and solar elevation angle on UV radiation results in the differences of the daily evolution of the monthly mean hourly UV radiation between the two sites. Figure 3 shows the monthly mean hourly values for UV radiation and UV fraction at two stations. Table 4 presents the monthly mean values of global clearness index (M Kg ), API (M API ), total ozone column (M O3 ) and RH (M RH ) at two stations. An analysis of K g , API, ozone and RH is performed in order to study the climatic and atmospheric conditions for the two sites. The minimum monthly means of hourly UV radiation appear in January with values of 25.68 kJ m -2 for DL and 36.00 kJ m -2 for TL. The maxima occur in August with values of 70.07 kJ m -2 for DL and 92.62 kJ m -2 for TL. The decrease of monthly surface UV radiation in June and July is due to an increase of precipitation and clouds produced by the rainy season (Meiyu) in the Yangtze River area. The clearness index K g provides a measure of clouds. The highest K g values occur in August for both stations, and the lowest correspond to January. In all months, UV is higher at TL than those at DL. The biggest difference of UV between the two sites appears in March. This may be attributed to the diversity in the atmospheric conditions between the two sites. The monthly mean API ranges between 61.33 in July and 106.39 in January at DL, but at TL from 48.69 in July to 91.43 in December. The monthly mean ozone fluctuates from 269.98 DU in October to 309.29 DU in April at DL, but at TL between 272.90 DU in October and 324.92 DU in April. The API at TL for each month is lower than that at DL, and the total ozone column at TL is slightly higher than that at DL. Although total column ozone and UV radiation are inversely related, the complex effects of API and ozone produce higher values of UV radiation at TL than those at DL.
statistical Analysis of Monthly Mean Values of UV Radiation in the Two Lakes
The monthly means of hourly UV fractions range from 3.79% in November to 4.93% in July with an average of 4.22% at DL while these values vary from 4.57% in January and 5.94% in July with an average of 5.17% at TL. The UV fractions at the two sites are in the ranges of UV fractions reported elsewhere previously. UV radiation accounted for 4.4 -5.6% of global solar radiation at various subartic locations in Nordic countries (Kvifte et al. 1983 ), 3.0 -5.0% at Granada (Foyo-Moreno et al. 1998), 4.4 -5.6% at Valencia , 3.9 -5.0% in Lhasa (Hu et al. 2008 ), 3.7 -4.6% in Haibei (Hu et al. 2008) . Figure 3 also indicates there is an increasing trend in the UV fractions during the summer months for two stations, which is mainly attributed to the variation of precipitation and API. There are no obvious differences in RH and total ozone column between the summer season and other seasons. But, there is larger precipitation and lower API in this season compared with other seasons. The API values are lower due to wet decomposition effects caused by the Fig. 3 . The monthly mean hourly values for UV radiation (in kJ m -2 ) and UV fraction (%) at DL and TL.
increased precipitation produced by the Meiyu weather in this period. The scattering and absorption effects of air pollution on the UV radiation are lower in this period than other periods, which results in an increase in the UV fractions during the summer period. In addition, the monthly means hourly UV radiation fractions at TL are always greater than those at DL, which are mainly due to higher water vapor and lower API. The RH ranges between 67.44% in November and 73.08% in February with an average of 68.92% at DL. For TL, the RH varies from 69.80% in May to 76.40% in January with an average of 72.06%. The absorption of global solar radiation by water vapor in the atmosphere is greater in the near infrared region of the spectrum than in the UV wavelength band (Jacovides et al. 2006) . The higher water vapor leads to the larger extinction of global solar radiation than that of UV radiation. The higher API leads to the higher extinction of UV than that of global solar radiation. The higher water vapor and lower API at TL can cause the higher UV fractions than those at DL, though total ozone column at TL is slightly higher than that at DL.
Innovative UV Estimation Model for All Weather Conditions
In order to demonstrate the effectiveness of the new model developed here, two reported statistical models are assessed. One model empirically estimates UV radiation from global solar radiation (G) as reported in extensive literature Ogunjobi and Kim 2004; Escobedo et al. 2009 Escobedo et al. , 2011 ). The empirical model has advantages of simple use and dependence only on global solar radiation and is widely available. This model is expressed as:
where h is the fit coefficient, UV is the measured hourly UV radiation (kJ m -2 ), G is the measured hourly global solar radiation (kJ m -2 ). This model is named as model A. The parameter h in model A needs to be calibrated using in situ measurements. The use of model A should be restricted to the particular site where it is obtained. Noting that nondimensional parameters may be less influenced by the local features, recent studies on modeling the hourly UV radiation values have been based on UV radiation transmissivity K UV . UV radiation transmissivity K UV is selected as a dependent variable, which has the great advantage because its changes can be exclusively attributed to atmospheric attenuation factors. Several authors have proposed different models that link the hourly UV radiation transmissivity K UV with its main attenuation factors, such as cloudiness (through global clearness index) and relative optical air mass (FoyoMoreno et al. 1999; Martínez-Lozano et al. 1999; Ogunjobi and Kim 2004; Varo et al. 2005; Barbero et al. 2006; Hu et al. 2010; Mateos Villán et al. 2010) . Barbero's model has been used in this paper:
where a, b, c are the coefficients, K UV is hourly UV radiation transmissivity, K g is hourly global clearness index, and m is relative optical air mass. This model represents model B.
The relative optical air mass m in Eq. (8) 
where z i is the solar zenith angle expressed in degrees. However, only the solar elevation angle and cloudiness in model B are considered to characterize the attenuation effects of UV radiation through the atmosphere. The amounts of the UV radiation reaching the earth's surface are also modulated by other attenuation factors, such as air pollution and ozone, which have a certain effect on the UV radiation.
An innovative UV estimation model is proposed in this paper to quantify the resultant effects of all the attenuation factors for all weather conditions. The resulting effects of all the attenuation factors on UV radiation can be considered to consist of two parts: the effect of the comprehensive attenuation factors for assumed cloud-free conditions (CAF UVclear ) and the effect of the clouds (through the global clearness index K g ). The best relationship among K UV , CAF UVclear and K g is given in the following equation that constitutes model C:
where d, e and f are the coefficients. In a similar way to the K UV definition, the effect of the comprehensive attenuation factors for assumed cloud-free conditions (CAF UVclear ) in Eq. (10) can be defined as the ratio of surface UV under clear skies to extraterrestrial UV radiation:
Surface UV under clear skies (UV clear ) can be estimated by any radiative transfer model or empirical model. The relative optical air mass and ozone are easily available and are the two main attenuation factors affecting surface UV radiation under clear skies (Kerr and McElroy 1995; Rieder et al. 2008) . In this study, UV clear is derived from empirical models based on relative optical air mass or ozone.
Total ozone column (TOC) strongly absorbs UV radiation and has significant effects on the amount of UV reaching the surface. The hourly actual ozone amount crossed through by the solar radiation in the atmosphere is the slant ozone column (SOC) defined as (Antόn et al. 2008 ):
where z i is the solar zenith angle expressed in degrees.
Comparison of Three Models Estimating UV Radiation
Presented Model for Estimating UV Radiation Under different Weather Conditions/Previous Models for All Weather Conditions
Changes of UV radiation with the relative optical air mass (m) and slant ozone column (SOC) are shown in Figs. 4 and 5. UV radiation decreases with increases in relative optical air mass or slant ozone column, although with high dispersion. However, the relative optical air mass or slant ozone column alone cannot estimate UV radiation with satisfactory accuracy.
UV Table 5 shows the results obtained for the two stations including R 2 , RMSE, MABE and MBE. 
Equations (13) - (18) are validated using the remaining 25% of UV observations under clear skies. Linear regression analysis between estimated and measured values of UV radiation under clear skies is carried out. Table 6 shows the assessed results for Eqs. (13) - (18) including slope j, intercept k, and R 2 of the linear regression of estimated versus measured UV radiation under clear skies, as well as RMSE, MABE and MBE. Equations (15) and (16) based on the slant ozone column give the highest RMSE and MABE values, Eqs. (13) and (14) take the second place, and Eqs. (17) and (18) provide the lowest values. It means that Eqs. (17) and (18) based on relative optical air mass and slant ozone column are slightly better than the others. Equations (17) and (18) have been selected to calculate the effect of the comprehensive attenuation factors for assumed cloud-free conditions of each hour (CAF UVclear ) in model C.
Models A, B and C are performed with the constructed database explained in section 2 in order to calculate the coefficients of the models. Table 7 shows the results for the two stations including the coefficients of the models, R 2 , RMSE, MABE and MBE.
The three models are assessed with the validation database as explained in section 2. Linear regression analysis between estimated and measured values of UV radiation is carried out for the three models. Table 8 shows a summary of the assessed results for different models including slope l, intercept n, and R 2 of the linear regression of estimated 
Applicability of different Models for UV Estimation
In order to compare the applicability of the three models to estimate UV in different environments, the models are validated using the data from different datasets. The models calibrated using data from DL will be validated using data from TL, vice versa. Table 9 shows the assessed results for applicability of different models including slope p, intercept q, and R 2 of the linear regression of estimated versus measured UV radiation, as well as RMSE, MABE and MBE. It can be observed that model A gives the highest RMSE values for DL and TL, model B takes the second place, and model C provides the lowest values. The new model clearly improves the estimates by the two reported models at a different locality. This means that model C can provide satisfactory estimates of UV radiation at a different locality other than the local place of origin where the relationships are developed. It indicates that the new proposed method can be used to estimate UV radiation at a different locality from only two input parameters: the effect of the comprehensive attenuation factors for assumed cloud-free conditions and the effect of the clouds. The first input parameter is easily derived from the radiative transfer model or empirical approach. The second one can be calculated by global solar radiation, which is usually available at most radiometric station.
ConCLUsIons
A statistical analysis of hourly and monthly UV radiation at two typical sites (DL and TL) in the middle and lower reaches of Yangtz River has been described. Moreover, an innovative model suitable for estimating UV radiation under different weather conditions has been developed. The ability of different models to estimate UV radiation has been evaluated. From this study, following conclusions can be drawn:
(1) With respect to the hourly average UV radiation, the analysis indicates that the maximum values can represent the hourly UV characteristics for both stations, whereas the minima are not proper indicators. The median and the arithmetic mean values are reasonably similar with little difference. The CV parameters present that the stability of UV radiation is not symmetrical with respect to midday around the year. The highest stability of UV radiation corresponds to August for two stations, and the minimum stability occurs in February for DL and in January for TL. (2) From the analysis of monthly mean UV radiation, it peaks at solar noon and shrinks in hours close to sunset and sunrise for the two stations. For each hour of the day, the highest values occur in August and the lowest in January or December. The values at TL for all hours are almost always greater than those at DL. A multiple regression analysis between UV radiation measurements at Badajoz and ozone, reflectivity and 
